We systematically reviewed the peer-reviewed literature to establish the prevalence of cardiovascular disease (CVD) among immigrants in Australia and whether being an immigrant is a CVD risk factor. Of 23 studies identified, 12 were included. 2,3 These factors include subgroup of origin, birthplace, age, socioeconomic status, education, culture, and genetic composition. 4 In addition, fluency in English and job and life satisfaction in Australia have also been associated with CVD risk.
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vary among ethnic groups due to a range of factors. 2, 3 These factors include subgroup of origin, birthplace, age, socioeconomic status, education, culture, and genetic composition. 4 In addition, fluency in English and job and life satisfaction in Australia have also been associated with CVD risk. 5 Previous international literature on the relationship between patterns of CVD and immigrant subgroup has explored the prevalence of CVD morbidity, mortality and risk factors among migrants from a range of countries and regions/continents such as Japan, 6 China, 7 Africa, 8 South Asia 9, 10 and Mexico, compared with the host population. Although there is a large and ethnically diverse population living in Australia, specific information on the overall prevalence, morbidity, mortality and risk factors of CVD in the relevant migrant subgroups is limited.
Australia is one of the most multicultural societies in the world with more than 200 ethnic groups living in the country. Its overseas-born residents comprise 4.6 million people -23% of the estimated total population of 19.6 million. Moreover, 27% of the population have one or both parents born overseas. 10 Therefore, one out of four Australians was born overseas and more than half of these people came from non-Englishspeaking countries.
Other Topics among immigrants as compared with the respective host populations. These studies found that the standardised mortality rates (SMR) were higher among Canadians, and South Asians 7 and that, in Sweden, the incidence rates for coronary heart disease (CHD) and CVD were highest among immigrants from Finland, Iran and Poland. 11 In addition, the rates of ischaemic heart disease in Israel were found to be higher for Russian immigrants. 12 In contrast, immigrants in the United States from South Asia 13 had a similar risk of hospitalisation for CHD compared with the host population.
The risk factors for CVD and CHD vary from ethnic group to ethnic group. 14 For example, immigrants originating from South Asia are at higher risk of CHD even at "normal" total cholesterol (TC) concentrations, due to lower concentrations of high-density lipoprotein cholesterol (HDL-C). In contrast, high levels of triglycerides (TG) and high blood pressure appear to be the major risk factors associated with CVD among people of Chinese origin. 15 Although CVD is a leading cause of morbidity and mortality in Australia, 16 and despite the international data indicating an increased incidence of CVD in migrant groups, it is unclear whether morbidity, mortality and risk factors of CVD are different in the various Australian migrant groups when compared with the host population of native-born Australians. Therefore, in order to obtain an in-depth understanding of this issue, we performed a systematic review of the published peer-reviewed literature to establish the prevalence of CVD morbidity and mortality among immigrants living in Australia to determine whether being an immigrant to Australia is a risk factor for CVD.
Methods

Literature search
A search of the published literature between 1986 and 2006 was performed using PubMed, MEDLINE, EMBASE, ProQuest, CINAHL and Australian government reports produced by the responsible authorities. The following search terms were used: migration, immigration, emigration, immigrant and emigrant, alone and in combination with CVD and stroke. The articles selected for analysis included those that presented primary data on the morbidity, mortality, ethnicity and risk factors for CVD and stroke in any immigrant populations living in Australia. From the reference lists of these studies other similar literature was located.
Inclusion criteria were used for English language peer-reviewed journal articles, opinion pieces and reviews, and reports by the Australian Institute of Health and Welfare (AIHW) and the Australian Bureau of Statistics (ABS), including: ■ first generation migrants and their siblings, and ■ those with an Australian-born control group.
Studies focusing upon refugees or asylum seekers, and farming or agricultural workers were excluded.
Study selection and data extraction
Studies were selected according to the guidelines of the National Health and Medical Research Council of Australia (NHMRC) 17 for classifying scientific studies. The guidelines recommend including reviews and meta-analyses, randomised controlled trials, non-randomised trials, case studies, factual reports and interpretations in systematic reviews. The following methodological features were evaluated: study population, extent of randomisation used, sample size by ethnic group, age distribution of the study group, response rate, methods used to identify patients, methods used to measure CVD risk factors, and methods used to measure mortality.
Results
The search of the databases yielded 23 apparently eligible papers. From those papers, six were selected based on title or abstract. From the reference lists of these studies an additional six reports were located that met the inclusion criteria. Twelve studies were excluded that did not meet the inclusion criteria. Altogether 12 studies were reviewed. From these 12, four of the studies explored individual immigrant Other Topics groups (only one country) and eight studies reported data on multiple immigrant groups (more than one country) in Australia.
Out of the 12 selected studies, four were crosssectional surveys with data reporting on the prevalence of CVD risk factors; seven retrospective studies presented standardised morbidity and mortality for CVD; and one study used a prospective cohort design on biomedical risk factors. All of the selected studies used an Australian-born population as a reference group. The majority of studies focused on the prevalence of morbidity, mortality and risk factors for CVD among the immigrant population. Five studies were designed to estimate the incidence of morbidity in a hospital setting; two studies examined the prevalence of mortality; and five studies examined the prevalence of CVD risk factors for all the immigrant groups living in Australia.
Seven studies had original published data on the prevalence of morbidity, mortality and risk factors for CVD among specific immigrant populations in Australia, and the rest consisted of Australian government reports.
General methodological characteristics
In the papers that were selected for analysis, a range of methods was used to sample the populations (Box 1). These methods included selecting participants from databases such as the electoral roll 18 and telephone directory 19 on the basis of the likely ethnic origin of their surname; recruiting participants from particular ethnic backgrounds via a public campaign; 20 and using databases in which individuals were identified using their known country of birth. 1, 5, 21, 22 Random selection techniques were used in four 1, 18, 19, 22 studies, and non-random selection techniques were used in a further eight studies. The age range varied from study to study but individuals aged from 14 to 75 years were included in the analyses. 1, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] The reported response rates ranged from 72.6% to 81%, 18, 19, 22, 23 although seven studies did not indicate their response rates. However, this was probably due to the fact that their data were extracted from existing databases.
CVD morbidity data were derived from hospital medical records, 24, 25, 27 and self-report. 1, 28 Mortality data were gathered from Australian population census data indicating death by birthplace 1, 21 and from Australian death registries. 25 Biomedical risk factors such as blood pressure, blood lipid profile and body weight/obesity were measured using either direct measurement of the variable, 20, 23 or by self-report. 1, 18, 19, 25 Behavioural risk factors such as smoking, 1, 18, 19, 23, 25 alcohol consumption, and physical activity and exercise were measured using self-report methods. 1, 18, 23, 25 
Morbidity and mortality
The prevalence of circulatory system disease (ischaemic heart disease, cerebrovascular and hypertensive disease) reported in the selected studies is outlined in Box 2. Five studies examined hospital morbidity (discharge) data for the migrant groups identified from the general population. The first of the three studies examined data collected from 1985-1996 and reported that females from the Middle East and South Asian regions had significantly higher rates of hospitalisation for ischaemic heart disease than the reference Australian-born population. These data were generally supported by data for age-adjusted separation rates for ischaemic heart disease from New South Wales hospitals. In particular, these data revealed that men who migrated to Australia from Egypt, Other Asia, Other Europe and the Middle East had significantly higher age-adjusted separation rates for ischaemic heart disease than the reference population. In contrast, the third of these studies, conducted from 1989-1990, consistently found that male and female migrants from all regional subgroups had significantly lower rate ratios of circulatory system disease than the Australian-born population. Interestingly, the lower levels of circulatory system disease reported in the study by Young were supported by self-reported data collected from 1999-2000, which showed significantly lower standardised rates of coronary heart disease for both men and women from all immigrant regional subgroups compared with the Australian-born population. 21 Unfortunately, the Other Topics different classification systems used to group the immigrant subgroups makes it difficult to identify the reasons for the substantially different results reported in these studies.
Two studies reported the standardised mortality rates (SMRs) for heart disease for Australian migrants. The first of these studies was conducted over the period [1980] [1981] [1982] Other Topics males who migrated to Australia from Other Oceania, South Asia, Poland, Scotland, and Ireland displayed significantly higher SMRs for heart disease compared with Australian-born individuals, ranging from 106 to 131 per 1000. 21 The same study reported that females who migrated from Poland, Malta, the Middle East, Other Oceania, North America and South Asia had significantly higher SMRs for heart disease compared with the Australian-born population, with rates ranging from 107 to 128 per 1000. In contrast to these findings, an investigation conducted over the period of 1997-1999 by the Australian Institute of Health and Welfare 25 reported that the SMR for coronary heart disease and stroke was significantly lower for all the regional immigrant subgroups compared with the Australian-born population. This difference may be due to the fact that the two studies used different aggregation systems of regional immigrant groups. As a result, the true effect may be hidden or masked.
Prevalence of cardiovascular risk factors
Hypertension and blood pressure
Five studies presented data on the prevalence of hypertension among immigrants in Australia (Box 3). One of these studies provided data on all immigrant subgroups and indicated that systolic blood pressure was significantly higher among men who emigrated to Australia from Eastern Europe compared with Australian-born males. 22 In addition, three individual studies examined the effect of blood pressure independently. One study 18 reported that the prevalence of high blood pressure in Greek-Australians (5.2% for men and 8.1% for women) was significantly lower compared with their Australian-born counterparts. 29 The overall prevalence of high blood pressure was lower among Chinese immigrants in Australia (8.6% for men and 11.2% for women) compared with the Australian-born population. 23 The prevalence of elevated diastolic blood pressure for Vietnamese migrants to Australia was 8% for men and 3% for women, but these data were not directly compared with an Australian-born population. 19 In another follow-up study, 20 Italian-born men and women in some age groups were reported to have significantly higher blood pressure compared with the Australian-born population.
Plasma lipids
Three studies examined lipid levels in Australian migrants 18, 19, 22 (Box 3). Objectively measured TC levels were reported to be significantly higher (+ 0.17 mmol/L) among Western European men compared with the Australian-born population. 22 The HDL-C level of all migrants from Greece and the Middle East, and women migrants from Italy, Southern Europe and other Asian countries were significantly lower, 22 while the LDL-C (low-density lipoprotein cholesterol) levels were higher only in men from Western Europe. 22 The ratios of HDL-C/TC were significantly higher among men from New Zealand. 22 Plasma cholesterol and TG were found to be similar in Chinese immigrants (men 7.7 mmol/L and women 5.2 mmol/L) compared with their Australian-born counterparts. The other two studies 18, 19 did not present any data on detailed estimates of cholesterol.
Smoking
The prevalence of smoking was reported in five studies 1, 18, 19, 22, 23 (Box 4) and was found to differ across ethnic groups and genders. Three different studies found that smoking was higher among all migrants from Scotland and Ireland 22 and women from the UK and Ireland 1 compared with the Australian-born population. Two studies found that smoking was higher among male migrants from Greece, 18,2 while another found that it was higher only among Greek men.
1 Some studies also found that smoking was higher among men from the Middle East, 1 Italy, 1,22 Western Europe, 22 China, 19, 22 Vietnam, 19 and Poland, 1 and also among women from New Zealand compared with the Australian-born population (rates: men, 120 to 158, women, 140).
Alcohol consumption
The prevalence of alcohol consumption was observed in three studies. Other Topics week for men and 1 to 13 standard drinks per week for women was reported as a potential beneficial risk factor. Alcohol consumption over 28 standard drinks per week for men and 14 standard drinks per week for women was a negative risk factor. Alcohol consumption was found to be higher among men and women from England and Wales, 22 and New Zealand. 1 Another study found that only women from the UK and Ireland and men and women from New Zealand 1 were likely to have a higher level of alcohol consumption compared with their Australian counterparts. In addition, men from Italy, Western Europe, and Eastern Europe were found to have a higher level of alcohol consumption compared with the Australian-born population 22 (OR ranging from 1.58 to 1.96 for men).
BMI or overweight or obesity
The issue of overweight and obesity was explored in five studies 1, 18, 19, 22, 23 (Box 4). A body mass index of 20-25 kg/m 2 is considered as ideal body weight and values over 25 are considered to be overweight or obese. Being overweight or obese was more common among all migrants from Middle Eastern countries (Middle East and North Africa), 1, 22 Southern European females, Greek male and females, 22 and Yugoslavian males and females 1 compared with the Australian-born population. Significantly higher levels of overweight and obesity were also found among Maltese men. 1 The highest incidences of overweight and obesity were found in Southern European and Middle Eastern immigrants.
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Physical inactivity or exercise during leisure time
The level of physical inactivity or exercise during l e i s u re t i m e w a s r e p o r t e d i n t h r e e studies 18, 22, 25 (Box 4). The absence of leisure time physical activity or exercise during the previous 2 weeks was considered to be a risk for CVD. 22 Physical inactivity was found to be more pronounced among male migrants from Scotland and Ireland, Southern Europe, the Middle East, South East Asia, and Other Asia, and in Eastern European females 25 compared with the Australian-born population
Discussion
This is the first systematic review conducted on the risk factors associated with CVD in migrants to Australia. This review provides evidence of actual morbidity and mortality as a result of CVD in Australian migrants. The prevalence of CVD morbidity and mortality was found to be higher among male and female immigrants to Australia from Middle Eastern, other European and South Asian countries. Similarly, risk factors for CVD were higher among male and female immigrants from Middle Eastern and Southern European countries.
These immigrant subgroups were reported to have multiple risk factors for CVD that varied according to region and gender. For example, HDL-C levels appear to be lower among Middle Eastern and Southern European women compared with Australian-born women. Conversely, obesity is more prevalent among women in these regions. The major preventable risk factor for CVD is smoking, which was found to be higher among male immigrants from the Middle East, the UK and Ireland, Western Europe, Southern Europe, China and Vietnam compared with their Australian male counterparts. Physical inactivity was higher among both male and female immigrants from all regional groups (except for the Chinese subgroup) compared with the Australian-born population. A higher prevalence of alcohol consumption was reported consistently among men and women from the UK and Ireland, and New Zealand.
Study quality
In order to estimate the quality of studies, it is necessary to examine the sample size, response rate and the method of data collection. In particular, the aggregation of statewide administrative data (morbidity) can be problematic because data collection and recording techniques may not have been consistent, and data entry personnel and methods of disease classification may have Other Topics changed over time. 30 The response rate of the majority of studies that estimated the prevalence of risk factors associated with CVD was more than 70%, which is a satisfactory response rate. Some studies used objective 20, 22 methods to measure biomedical risk factors for CVD while others used subjective methods. 1, 18, 19, 25 We recognise that there are limits to conducting objective measures of biomedical CVD risk factors because of high laboratory charges. In addition, obtaining ethics approval can be another limiting factor. However, it is necessary to note that it is preferable that biomedical risk factors for CVD be assessed objectively, rather than using self-reported measures, in order for valid conclusions to be drawn.
Prevalence of CVD hospital morbidity and mortality
The available studies on hospital morbidity for CVD showed that CVD was higher among all immigrants from Middle Eastern, other European and South Asian regions compared with the Australian-born population. Conversely, similar immigrant groups reported completely conflicting occurrences of CVD morbidity compared with the Australian-born population. 1, 25 This combination of high and lower findings of morbidity may indicate that the diagnosis code for CVD varied between the International classification of diseases ninth and tenth revisions in different studies. In addition, immigrants were grouped into large regional groups according to different criteria. This inconsistancy may have affected the findings.
The mortality rates for CVD were higher among male and female immigrants from the Middle East, Poland, Scotland, and South Asia 21 compared with the Australian-born population. While similar immigrant groups in different studies showed conflicting results, this may be due to different classification methods used to group immigrants regionally. 25 Therefore, it may not be possible to perform a direct comparison of studies.
Prevalence of CVD risk factors
The prevalence of biomedical risk factors for CVD is higher among Middle Eastern, and other Southern European immigrants compared with the host population. 1, 22 This may be explained by environmental risk factors such as dietary habits, smoking, and physical inactivity; medical factors such as high lipid levels, high blood pressure and obesity; and genetic predisposition. 31, 32 The incidence of high blood pressure was lower among all the immigrant groups compared with the Australian-born population, except for male immigrants from Eastern Europe and Italy (Southern Europe). This suggests that higher smoking rates 31 and higher sodium intake may combine to elevate blood pressure in these particular immigrants. 32 Lower HDL-C levels were more common among Middle Eastern and Southern European women, and this may be explained by lower levels of physical activity and a diet high in saturated fats. The evidence suggests that those who were physically active had higher HDL levels. 33 Also, the HDL/TC ratio was lower among all immigrants from the Middle East, as well as in Southern European women immigrants. This may be explained by the influence of the acculturation process on these immigrants' lifestyles. In particular, diet may increase their risk of lower HDL/TC ratios, 34 and it has been found that Southern Europeans who migrate to Western societies are at a higher risk of developing lower HDL/TC ratios compared with those who live in Southern Europe. 35 The prevalence of tobacco smoking was higher in the majority of male immigrants compared with their Australian-born counterparts. Similar associations between high levels of smoking and immigrants were found in other Western countries. 4, 35 Increased tobacco smoking might be due to social isolation and boredom. Regarding physical activity, the majority of immigrants reported a higher level of physical inactivity compared with the Australian-born population. Overweight and obesity were found to be more frequent among Middle Eastern and Southern Europeans than the Australian-born population. Increased overweight and obesity and inactivity in immigrants might be explained by the fact that the immigrants who migrated from an agricultural environment to a Western industrial society may Other Topics have reduced their level of physical activity, which was predominantly undertaken through domestic chores and traditional culture-related community recreation activities, and may now lead a sedentary lifestyle and have undergone changes in dietary patterns. 36 High alcohol consumption compared with the Australian-born population was found in immigrants from both the UK and Ireland, and New Zealand, which might be explained by cultural influences. 37 Although the hospital morbidity and mortality rates for CVD were higher among South Asian immigrants, the picture on higher morbidity and mortality differences remains unclear. This may indicate that the traditional Framingham risk factors for CVD may not relate to South Asian immigrants.
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Limitations
All published studies were conducted 10 or more years ago using different immigrant subgroup classifications. Therefore, these findings may not accurately reflect the contemporary prevalence of CVD among immigrants in Australia. In addition, the majority of immigrants came to Australia under the post-war migration programme. At this time, the immigrants who arrived in Australia were young to middle-aged, and therefore they are currently approaching old age. If the risk factors for CVD are also associated with ageing, 39 ,40 the present prevalence might be increased. In addition, the demographic trend in Australia has also changed during last two decades, 41 and the estimated Asian population itself is predicted to increase by 16% by 2025. 42 These factors may therefore also challenge the previous findings.
Conclusion
Therefore, we conclude that the available data on the prevalence of hospital morbidity and mortality due to CVD are insufficient to draw distinct conclusions, and that more studies need to be conducted using well established and properly designed data. Moreover, future studies need to be conducted using objective screening techniques such as blood tests and electrocardiograms to obtain clinical estimations. In addition, immigrant groups need to be grouped according to Australian standard country classifications, or based on any other internationally accepted classification system, to enable direct comparisons nationally and internationally.
Furthermore, future theory-based and culturally sensitive targeted intervention programs need to be carried out to decrease modifiable risk factors for cardiovascular disease, such as being overweight or obese, physical inactivity and smoking, among the majority of regional immigrant groups who are living in Australia.
